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mTICE - 



This information brief does not pitrport to suggest that the 
described methodology is the only approach which oan he taken 
in investigating the most economical method of phosphorus 
removal at a municipal waste water treatment plant. It describes 
a method which has proven extremely successful and which has the 
flexibility for modification to suit the particular plant being 
studied. 

The Ministry and its employBes and agents shatt not be liable 
in cmy mmmer whatBoeper in respect of the information contained 
in the briefs and any use ■of ewsh information shall be at the 
■risk of the user. 
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GUIDELIWES FOB COIDUCTIIG TOEATABILITY STUDIES 
FOR PHOSPHORUS HEMOVAL AT WASTIWATEB TREA1MEIIT PLAiTS 

IITRODUCTIOI 

Iiatrients .are knovii to play a sl^lficant role in the growth and 

proliferatiO'n of algae in the aquatic eEvlronMent. Th,© coritrol of 
specific nutrient inputs <, such as phosphorus ^ can aid in correcting 
existing eutrophlcation prohlems and protect our waterways ft*oii over- 
abiLmdant .algal production* 

'The Province of Ontario is presently involved in a five-year program, 

to control, "by 1975 * phosphorus discharges :ft''om more than two hun^dred 

existing wastewater treatment plMits serving some k,l million peraons. 

Permanent phosphorus removal facilities must "be operational by December 

31, 1973, in the unO'St critically affected areas of the 'Province; 

by December 31, 1975 » for those discharging to waters deemed to be 

in a less crltl&al condition; and three years after notification in 

all other areas of the ft'O'vlnee where problems are fO'Und to exist 

or where protective measures are required. Figure I outlines the 

ai-eas of the Province affected by the progr:am, .and the respective compllanee 

dates. The program is a response to Intem.atlonal Joint Co'imission 

reco'Bmendationi on the lower Great Lakes .and the denonstrated need 

for nutrient controls in prime reereation.al, waters throughout the 

Pro'Vince, 
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Figure 1 
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Affected ¥astevater treatiaent plants loeated in the Upper Great hakes 

.and Ottawa Hlver Systems are reqiaired to remove iO' per cent of the 
phosphoriiB from sewage which enters the treatment pl.ant. ,An average 

effluent total, phosphorus eoncentration of 1 'iig/l ia required at all 

affeeted plants which discharge directly or indirectly to the St, 
Glair River, Lake St. Clair, the Detroit River,, Lake Erie, the liagara 
Rivers Lake OntM-io .and the Ont^arlo section of the St. Lawrence River, 
The pemianeBt fajcilitlee and prime chemical coagulant selected must, 
in each case, be capable of greater re'iaoval ef f iciencies .^ as furt.her 
receiving water studies may dietate the need for more stringent requirements, 

GUDDMiIIE OBJiECTIYES 

These guidelines are designed to assist personnel Involved in carrying 
out phosphorus removal treatability studies in determining the most 
efficient and economical memis t© implement phosphorus removal through 
chemical addition at existing wastewater treatment plants. The methodolo^,, 
which includes both jar testing and pilot study phases, would allow 
the prediction of the prime coagul^ant best suited for phosphorus removal 
at any particular treatment facility and a determination of whether 
the chemical used woiild have any effect on the eicisting wastewater 
treatment proeesSj facilities, method of sludge treatment ^ and subsequent 
sludge disposal practices. The choice of chemical would be limited 
to the process most compatible with sewage characteristics and the 
existing faeilltles,, taking into aceO'Unt the physical layout of the 
pl^ant ifind, the delivered cost and availability of the particular chemical. 
As it has been established that raw sew^age characteristics vaiTf from 
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mynlcipallty to mmicipalitys the need for a treataTaility study at 

each plant is e'vl,dent. In some cases it may "be sufficient to aeetirately 

predict the aost suitable chemical tor a partieular plant on the 'basis 
of jai* testing studies alone, 

PROCEDURES 

Initial work consists of preliminary jar tests to establish the prime 
precipitant (iron, .aluminium, or calci'um, s^alts) that will consistently 
provide the degree of phosphorus removal required, 'Th,e Jar testing 
sho'uld eO'Ver the equivalent of three one-week periods of intensive 
testing using each of the chemicals throughout the day and in the 
various days of the week. Analyses should be conducted on raw sattqjles 
and the supematants from the jars. 'Through the use of probability 
plots, comparative chemical dosages and costs can be obtained. 'This 
information in conjunction with an assessment of the visual and 
.ittialytic data obtained during the study and a knowledge of the existing 
plant facilities can provide a base for predicting the most suitable 
che'mical. 

An interim study report should be prepared Mid submitted based on 

the jar tests and include sufficient data to substantiate the conclusions 

reached. This report may also include a reco^endation for a full- 
scale pilot study using the most efficient ehemleal. Such a 
recommendation should be contingent up'Oa a site evaluation to determine 
if ejcisting facilities can be readily used for phosphorus removal 
in the manner which is proposed. 
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Hhen the interim stMy report, is reviewed iWii appro'rei, a full-scale 
pilot study -may "be carried out. 'T!i,e study can, ■frequently 'be :ruii on 
a portion, of the p,lant and produce results equivalent to the coiiplete 
plant at substantial savl,n,ge. Prior to comm,en,cing the full-scale 

study J the various points of chemical ,applic,atlon, eho^uld be assessed 
to ensure that adequate mixing capability is present in the existing 
plant. ,Ml,xing may be obtained through ehemi,eal, discharge Into the 
suetlon side of punps,^ in an aerated grit ch,aittber,,. Into interconnecting 
channels or into the aeration takok. In most cases it will n,ot be 
naeesiary to utilize flash mixers. 

If full-scale tests are tO' be conducted,, it is eacpected th,at the studies 
would be of approxi:iiiately six weeks duration for a primary treatment 
plwat. For a seeoadary tre,atment plant j, eight weeks of full-scale operation. 
should yield the required in,fo(rm,ation,„ Following completion of the 
full-scale studies J, a conplete treatability study re'port is, to be 
prepared, doc'umenting prob,lems encO'Untered ,at the p,lant5 eonfirmng 
the chemi,cal to be used in permanent operation aya,d containing recommendations 
for the l^lementation of phosphorus removal. 

Phase I - Jar Testing 
The use of j^ar testing procedures to simul,ate water treatment pl^ont 

conditions is a well known, and often used technique (l). More recently 
this s^ame Jar test procedure has been used to provide preliminary desl,gn 

(l) Simplified Procedures for Water 'a:.aminatlon. AWA Manual, 
M12, p, 1|2. 
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InfO'rBatlon. on phosphorma removal "by chemical precipitation in municipal 
wasteirater treatment systems. Tests are C'arried out on grab s^amples 
of either the raw sewage or final effluent (see Appendices A and B). 
For prlmiUT plants , varying dosages of alumlnuH salts 5, iron salts and 
lime are added to raw sewage samples. Tests on biological treatment 
Wilts .are carried out using aluninum and iron salts applied to the 
final effluent which produces results similar to those obtained from 
chemi,eal application to the mixed liquor. When primary and biological 
units ■are in operation both of the aforementioned tests are carried out. 

The' procedure 5 which parallels that used "by the potable water treatment 

plant operators (l)^ is described as follows^ 

f* Adopt a Jar test ppoee^tpe which must be oontinu&d thToughout 

the test pragpmme at the. plant. Use a Btandopd ca*bitrary timing 
sequenae ensuring adequate mixing and i*eaetion time^ le*g» 
5 minute fast mim (100 rpm) followed by 15 'minute slow mis 

(2S Tpm)^ settle for 30 mMutes amd sample supeimatmtt}. 

Mm fake a 7 litpe grcJj Bomple of the waste stTemn to be tested, 

JL Retain a well mixed I litre raw sample of the abope for mBa&t^&ment 
of total phosphorus and pH. OaoaBimmlly cheek soluble phoBphoruas 
suspended solids and BOD (see step 6). 

Sm Fill six one litre beaker b and plaee thmn tmder the wultiple 

stirring apparaUis* 
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i* Do&e beakePB 2-6 with vm*ying dosage a of the ahemieal select ed, 
aoVBTing the initial rcmg&s listed in Table I, Beaker no, I 
ia a aontTol mtd reemiveQ no ehemiaal, 

fa"ble I 



Chem 


Lcal 


Dosage Ranges 
(ag/l) 


Commoia lame 


Cliemical Formiila 


Alum 




AlgCsOj^)^ ,lli%0 


75 - 300 


Ferric Chloride 




PeClj 


5 - 30* 


Lima 




CaCO'Hjg, 


T5 " 300 


*as Fe*++ 






1 



Add the Beteated ahemiaal dosages to eaoh bedkei* in suacession 
while mmning the mixer at WO rpm. It is important that the 
ehemLoalB be added as r^idly as possible » Continue to operate 
at this high &peed after the last ohemiaal addition to provide 
the required fast miming time, 

i» Ad-fust the mixer speed to slow mix in aaeordanGe with the proeedure 
adopted in step I. and allow to mm for the required slow mixing 
time, 

F,:: During the slow mix and Bubsequent settling period reaord the 

following visual observations (a smrple laboratory data sheet and. 
instructions are attaohed as Appendix C) * 
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- a aomnent on the time required for floaaulation to take 
plaoe,. (slms, faetj, ete.) 

- floe size after floeGutation time* (smalt^ medium.^ Iwpge) 

- floo Qettting ehca^aoteristiaB , (stem to fast) 

- 8upeimatcmt quality^ (tupbid to etear) 

- pottme of sludge pToduaed» 

Analyze the well mimed rmj amiple and each of the jar Bupeimatants^ 
ineluding the aonti*ol samples for total phosphoomB and pH, 
Oeeasionally eheak Boluhle phosphonds, suspended solids and BOD 
on BampleB; generally each of the^e additional cmalyses should not 
exceed 10 per cent of the mmber of total phosphoruB cmalysea 
aarried out. 

Repeat Bteps 2, to 8, ignoring Table 1^ using fresh BompleB of 
wcmtewater to narroii down the range of ehmnieal dosage b used. 
The rationale for ahoosing subsequent dosages involves attempting 
to bracket the rcmge of remopal effieieney or effluent quality 
required by selecting one dosage lower thmt the objective^ one 
nem* the obgeatipe and one higher thmt the obgeatipe, f-t,®,, if 
the initial tests using altm^ ferric chloride and lime shmed 
phosphoruB rmtovalB as liBted in Table 11^ the indicated changes 
would be made in subsequent tests) At the present time the 
objective is either 80 per cent removal or I mg/l effluent 
total phosphorus depending upon the peo'ticulap Amirmge basin 
'basin into which the plant discharges. This has bemt discUBsed 
previously^ 
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Table II 











Dosages to 


J 






Total P in 


be used In 


■ Chemical 


Doe age 


Total P 


Jar' Supernatant 


Bub sequent 






Removal 




Tests 


1 


(mg/1) 


{%} 


(mg/l) 


(iig/1) 


Altm 


100 


k5 


2.5 




- 


150 


70 


1.5 


150 




200 


85 


1,0' 


200 




250 


95 


0.8 


250 




300 


98 


0.8 




,. Ferric 


5* 


78 


1.3 


1^# 


Chloride 


10* 


89 


1.0 


7* 




15* 


95 


0.8 


10* 


i 


20* 


97 


0.8 






25* 


98 


0.8 




Lime 


100 


30 


3.5 






150 


65 


1,7 






200 


73 


l,k 


200 




250 


81i 


1.1 


250 




300 


87 


1.0 


300 


• As Pe-^++ 






t 





It is essential that the jar tests be eMfrled out over an extended 
period of time, preferably of three weela dtu'ation^ in order that 
a wide .and representati've' variety of sewage eh^aract eristics are eneountered. 
Grab sai5>las should be ta^in at different tiaee of the day and on 

Tarious days of the week. 'Once the rMige of chemical dosages has 

been established, do not alter these dosages unless the results show 
that you .are eonsistently under-dosing or overdosing. In order to 
have sufficient data t© draw :ne.aiiingful conclusions,, It Is essential 
that a nlniiium of 10 data points ;are obtained at each cheiilcal dosage 
on each waste streaii being studied* Typical Jar testing nms to obtain 
the neeeisary data points using low, idddle and high chemical, dosages 
are shown in Appendices A wad B. 
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Statiitical plote of the datm obtained are used to determine the relative 
chemical dosages. Although In ftill-scale operation the effectiveness 

of phosphoryie removal is determined on the "basis of average plant 

operating results,, for purposes of evaluating Jar test data, conparable 
chemical dosages ^are^ obtained at the 80i per cent confidence level 
on probability curvee. Sample probability curve s are attached as 
Appendix D, It should be noted that each curve represents a single 
ehemleal dosage Into a particular waste streajn. Separate ,graphs wo'uld 
be used for each, ehemleal on, e^aeh waste stream,. The data presented 
In Appendix D is for illustrative pinrp<oses only and. should not be 
taken to suggest that there is a st^andard correlation between per 
cent removal and effluent total phoiphorus level,*. 

Data Analyses 
Rather thaai looking at the av©ra.ga total phosphorus reiioval for each, 
set of data, more meianingful infornatlon can be gained by plotting 
each set of 10 points on wlthmetie probability paper. This can be 
done by arranging the data in numerical order of percentage total 
phospho:rus removal from raw s.m^le or supernatant Ceffl.uent) totial 
phosphorus concentration.. Then plot % total P removal or eff,luent 

total P concentration on the ordinate versus x on the abscissa 

n + 1 

» 

where n - total mmbev of scmplBB 

,x' - Bmaple nwnimt^ e^g. Is ^3 ^$ ^$ 0*^'« 

When all data are thus plotted a direct comparison can be drawn between 
the various chemical dosages used* Use a separate ^aph for plotting the 
Villous renoval results for each chemical on a pwrticulM' waste stream. 
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Two algjilf leant as^pe'Cts of these curves should 'be considered. 

i. The v&lativB vertioal position of the plot lin&B inMacrtes th& 

degvee of effeativm%eB& of the pmoipitant used at that given 
do&age, 

I'. The slope of the plot line indiaates the degree of aertainty op 

peliabitity of the ahmnioal in aahiemng the re-quiped p&aults, 

'Ftom this .anialyt/ical data,, the relative eeonoiiics of the various 

chenleal processes for phosphoms removal cmi he determined on the 

'basis of ©ptiimui dosage, delivered cost^ and availability of the chemicals. 

These data should foiTi part of the interim study report, to be co'npleted 
prior to initiating full-scale studies. 

Phage II - Ftai-scale Pilot BtudJei 
'The results of the pi'elimlnaiy Jar tests conducted as Phase I of the 

treatability stiidies for phosphonis removal will yield a conclusion 
as to the optim'tm chemlcial to be used for phoephorue removal at the 
particular wastewater treatment plant.,, Full-scale studies cmi then 
be conducted using this prime e©:a,gmlMi,t to yield information In the 
following areas: 

confirm the ohemieal dosage 

optimize the point of apptioation 

ppove the Buitability of plant hyAmuliea 
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ppove that emi&ting meahmtioal equipment will opsrate 
aatisfaatorily und&r the nm^ se^m^iae aonditions 
provide data on sludge eh^metBristies 

indieate the aetual final effluent quality that will be attained 
provide total ammal apBTating oO'Sts related to phosphorus removal. 
In some special cases, flill-scale studies nay not "be required or even 
warr^mited, Previo'us experiences ace'uii:iilated technical in,foniiatiO'ns aoid 
plant meehaEical mid process status co^iild all combine to make full-Bcale 
studies unaeces s^ary * 

If full-scale teste are to 'be eonducted, it Is expected that the studies 
wO'Uld be of approximately six veeks duration for a primary treatiient plant. 
For a secondary wastewater treatment plgtnt, eight weeks of full-scale 
operationi, should yield the required iafO'rmation. Bueh a. study would only 
inirolve chemJ.eal addition, into the waste streim indicated most prO'misiii.g by 
the Jar tests, assuming that addition at this point yielded satisfactory 
res'ults. Subsequent work in, altering the point of application to reduce 
ehemioal dosage can, be conducted after the full-scale facility is on stream 
peim,anent,ly. 

M assasisment of digester operation during these studies is not eonsldered 
as,iential. Flexibility in design of permanent facilities is obviously 
required. 

Under certain cireum,stan,ces an e,3rt.ended study beyond, the time periods 
previously outlined may be required. ■The presence of a slpiifican,t 
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industrial waste loadj, e..g. c.aa,nery wastes, could neeeseltate wore 
extiensiTe studies "both in the Jar testing and fmll-scale pilot work. 

The prime objective of the full-scale temporary phosphorus reiraval, 
stmdies is to demonitrate the feaiibllity of effecting phosphorus 
removal at a partlcmlaj* installation without necessitating extensive 
plant nodi fie ations. or additions.. Some of the aeehanical plant aspects 

that may "be affeeted hy phosphoms removal are: 

raJ sludge aotleotion and hcmdting eapability 
retw^n sludge pwwping acq>aa'€ty 
digester Mat emahcmge oapaeity, 

lssential,ly the ■full-scale studies shO'Uld demonstrate that phosphorus 
removal, using the prime eoa,gulant indicated by the jar tests, is 
cO'Hpatlhle with the existing wastewater treatment processes. While 
effecting phosphorus removal is the prime objective ,» the study should 
not he carried out in a :iianner which might lead to a daterioration 
in plant effluent quality. 

In order to assess plant perform,an.ce during the study perl'Od, an appreclahlc 
s.ampling and, analytical work load will res'ult. Under routine conditions 
it ii: eacpected that cco^oslte sajopling of liquid sewage stre^ams will 
he eondueted a maximum of three times per week. These samples would 
"be suialyzed for total phosphorus ^ soluble phosphorus , BOD, pHj and 
suspended solids. Grab samples of various sludge streams will be 
tiAen severeLl times a week, Expendit'ures eligible for reimbursement 



^ li* - 



•are only those covering aualytieal work con duct ad in addition to noriml 

plant operational analyses. 

During a secondaiy treatment plan;t itudy, it is expected that approximately 
130 mya-bouT'S of laboratory eenricei wo'uld 'be required to 'handle the 
necessaiy .analyses; for a primary plaiitj the mwipower requirements 
for latooratoiy analyses are estiiiated at 90 aan-hours. 

'The nomal in-plaat monitoring required for plant operation s'ho'uld 
be sufficient to yield the necessary information on the effects of 
Inplefflenting phosphoru:s removal at the existing wastewater treatment 
plMit. However s if no^rmal in-plant teste are 'minimal 9 it is suggested 
that the following o'h serrations be eondueted during the study ^ eluige 
levels in clariflers , dissolved oxygen concentrations in aeration 
tanks, sludge volume index values ^ and return sludge rates, 

A previoui outline entitled,, "Guidelines for Initiating 'Treatability 

Studies for Phosphorus Hemoval" contained applications and Instructions 

for rebate of treatability study costs. It was pointed out that treatability 

study equipment piff chased specifically for such a study would revert 

to the Crown if reimb'ur'sement for such materl.al was made. In this 

regard. It is advisable for the operating authority to directly purchase 

such items as cheiiical storage tanks and feed puBps suitably sized 

for use In the pe^rmanent facilities; such eqiripment could, then be 

incorporated into the pe'rnanent treatment facility as part of the 

regid.ar capital costs, Ihere lime is selected as the prime coagulant 
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the Mi:nist:ry will provide, on lO'an,, a package lime feed system, for 
the duration of the full-scale study, Althougli the use of temporary 

"swimming pool" type storage tanks is an eacpedient measure, they have 
proven unreliable, resulting In imcontrolled spills and the loss of 
large volumes of chemical. 

The manpoTOT costs, exclusive of anal,3rtical work, aseociated with 
the full-scale studies will arlee fl*om three major areas : 

initial plant inspeetion and equipment set-up, 
teahniaal support for the duration of the study, 
sampling amd on-$ite cmalyses eonduated during the studi^. 

During these studies, technical assistance is avalla'ble, if required, 
from the Ministry of the Sravlromient, Hesearch Branch. Having conducted 
nany full-scale phosphorus removal studies, staff can provide Information 
"both during initial plant set-'up and In assessing operating problems 
that :may occur during the study. In any ease, if operating problems 
■are .encountered during a phosphorus removal study, it is essential 
that the Phosphorus Progranme Co-Ordinator be made aware of the nature 
of these difficulties. Such contact should ensure that proper operating 
conditions are being effected during these studies. 

The final, treatability study report, should document the full-scale 
studies and contain appropriate recommendations to implement phosphorus 
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renoval on a perManeiit basli wlthoiut deterlormtioo In existing plant 

proceBftoB. The report must include total annual operating cost estimates 
for pho'iphorua renoval and the appropriate cO'St ■break.dO'Wn , 



ContribuMons from the Rmmm^ah^ Prnjeet Operations and Smiitaxy 
Engifwenng Branches m& grate ftilly aoknmlmdgmd. 
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SAMPLE 
RUIN N? 



II. 
12. 



17. 
18. 



APPEND' IX A 
PHOSPHORUS RiyOVAL PROGRAM - JAR TESTING PROCEDURES 



Is I Ic I Ia 1 Ia I Ia I If I If I f^ote: This series would he used in aBsessing 

I. LliJ 121} \_±] U U LJJ 'L^' y'Q^tJ sewage at a plant where there are 

I II I I II I I I 1 II I primary atari fiers, 

t. y N y y N y N 

II till I , , ^^^® ^^ ^ typical series of jar testing 

, S3 C3 Ll Lm Lh \kA Uh ^uns considering all three chemicals with low, 

,a. 1 I II II \ II 1 iL_j L_| middle and high dosages o^f each chemical, 

IsJI Ic^l IfJ i|F„| IfJI IlJI |l„|| ^'°t'^ th,at this series utilizes 18 different 

4. L=J I 1 1l_JI iL^J L_J II II UJI grab samples of the waste stream and produces 

Njr I I, I I, I I, I 1. I I- I 10 results for each chemical dosage. This 

[fsj tiiJ [y [L^ [Ay \k^ number will take into account variations in 

11 I I I I I I I I I I I I ^^® waste stream and provide itinimuii data for 

6. lill N Ifd Lfd lid llij lid statistical plots. 

7 Ifd y Ld y y y y ^^® symbols designate the following^ 

g jsj [eJ UJ ,|aJI IaihI \fm\ |fhI ^ " waste streati.. saniple with no chemical 

9. N y N N N y y Tfl}\^^^^^^^. .n.ly..s o, ..s.^^l., 



G ~ control sample with no chemical added 

(for analyses on supernatant after jar test) 
A = low alum dosage 



bJ N y y N lid y 

y y y [f^ bl ^ y I^. IlddleTlurdoLge 

llfj y y y y y y ^h^ ^^^^^ ■^■^^^ ^"^^^'^^ 

I I I I II I l^^^l II II f I I I ^l" ^^'^ ferric chloride dosage 

M l£!!l lliJ IliJ [!d lidl y F^= middle ferric chloride dosage 

'A ^^ \^ \^ \^ \tA \tA ^^" ^^^^ ferric chloride dosage 



Nil , , , , , , , \ " I0.W lime dosage 

y y y [t^ [fj [f«j ,^. „,,,,^ ^^^^ ^^^^^^ 

16. 



y y y y y y y h° ^^^^ ^^^^ dosage 

y y y y y y [fhJ 

y y y y y y y 



APPENDIX i 
PHOSPHORUS REMOVAL PROGRAM - JAR TESTING PROCEDURES 



SAMPLE 
RUN Nff 



Lid 

y 

4. lill 



I 6. 



7. 

a., 

9. 
10. 
I I. 
12. 



lid 






lid lid 

lid y 

lid hi 

lid H 

N lid 

lid lid 

lid lid 

lid lid 

lid td 

lid lid 

lid lid 



lid H 

lid lid 

y y 

u y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 



y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 

y y 



Note 
a) 



rhts series would be used in assessing 

uncklGrinated final effluent at all 
biolcgioal treatment plants; 

Y-aw sewage at plants wheTe there aT& 
no primary elarifievs; 

raw sewage at aerated and oonventionat 
waste stabilisation ponds (continuous 
disakarge facilities) . 



This Is a typical series of jar testing 
runs considering only alum and ferric chloride 
with low,,. Fiddle and high dosa.ge,s of e,ach 
chemical. This series utilizes "l2 different 
grab samples of the waste streain ,and produces 
10 results for each chemical dosage,. This 
number will take into account variations in 
the waste stream and provide minimum data for 
statistical plots., 

S = waste stream sample with no chemical added 

(for immediate analyses of unsettled sam,ple) 

C = control sample with no chemical added 

(for analyses of supernatant after jar test) 

A- = low aluB dos,age 

A„= middle alum dosage 

A - high alum, dosage 

Fj^^ low ferric chloride dosage 

^p" rr;_iddle ferric chloride dosage 

Fjj-^ high ferric chloride dosage 



IMSTRUCTIOIS FOR, USIMG THE LABORATORY DATA SHEETS 

'The primary' purpose of this form Is to prO'Vlde a worksheet for both the jar 
tests .and the siibseqiient phosphorus an,alyses,„ It can also be used for 
reporting: the results of the Jlar tests. 

Concentrations of the stock solutions used should be recorded {e.g. 

Alum 50 ©m/l). Mote that 1 ©i per litre = 1 mg per ml so that calculation 

of the amoiunt of stock chemie.al to be used for a given dos.age is minimal. 
For instance, using alum at 50 gm/l, for a dosage of 150 mg/1 would 
hm 150/50 = 3 ml per litre of sewage. 

Mijcing times will no^rmally "be the st^andard 100 rpm rapid mix for 5 

minutes,, 20 - 30 rpm, slow mix for 15 minutes and 30 minute settling 

time. There may ;arise in the fut'ure,, the need to ehan,ge these times, 
therefore a record must be kept to distinguish the two sets of results. 
ProTislon has been made on the f©rm to record the time each of these 

jar testing stages was started if no interral tiimr Is availalDle. 

J,M TISTO 

The first three rows, "CHm!ICAL(B) USED", "DOSAGE", land ":ml, of che:ml,cal,s 
used" COM be filled in prior t© the start, of the J.ar tests- The line 
"ml of chemicals used"' is proTlded so that the voltmies of ehemlcal 

ratuired can, be detenailned ,and noted prior to cO'imiencement of the 
Jar test. 
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'The time of appearauee of a floe after start of the bIgw mix ( f locculatloii ) 

stage will Tbe helpful in plants where floeeulatlon facilities .are 
limited. 

The floe elze should he recorded arter the mixer is stopped (i.e.,, at 
eo'.imen,cememt of the half hoiar settling period),. Since no physical 
neas'uremant of floe size will be tAen, the terms are sonewhat subjective 

.and relatlTe. The sizes, however, should he deacrihed In st^amdard tei 
ie: ve:ry large - the floe heing large masses 
large - 
medium - 



no floe - a condition that night be foiand in tests on final effluent, 

SettUng rates will also^ be deecrihed in relative terms - 
ie; ?ery rapid - all floe collects Imediatelj on the bottom of 

the beaker when the mljcer is stopped 
Rapid - floe settles within several Mniites of the mixer 

being stopped 
MeditM - floe tafee no more than 10 mimites to settle 
Blow - requires most of settling time 
111 - no dlseemable settling 

Turbidity will be described in relative terms; the effect, of coIO'UT',, if any, 
should be disregMfded. The terms lised shoul,d be - 
ie: Yerj turbid - difficult (or impossible) to see through beaker 

under noimal room li^t 
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Turbid - large shapes diseernable tinrotifh beaker 
Hazy 

Slightly Hazy -newspaper cua, be read through beaker 

Clear ^ like drinking water 

The colO'Ur of the supernat.ant litiald should be recorded., not the colour 
of the sludge. 

pH measurements since they t^ake little time,, should be done on .all 
six beakers. It will be necessajTr to record the temperature of only 
one of the beakeri. 

iSoluble phogphO'rus wialyses should be performed on-site to eliminate the 
possibility of post-precipitatiott. 

Heduetion in eoneentratlon of soluble phosphO'rus is baped on the soluble 
phospho^rus content of the control; 



i.e. ,, % reduction - eontrol-doied saiiple x lO'O^ 

control 



leduction of tot.al phosphorus is based on the original, s.afliple; 

i.e, % reduction = ori ,gin,al-dos ed sample x lOO'f 

original 

Pro.iri,slon has been made on the form, to record suspended solids land BOD, 
Only a few of these need to be done (i.e., one or two for each chemical 
dosage on each iraste stream being assessed)* 
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PLANT 

SAMPLE DESCRIPTION 



LABORATORY DATA SHEET 
JAR TESTS - IPHOSPHORUS REMiOVAL 

DATE SAMPLED 

TIME SAMPLED 



REAGENTS USED 



CONCENTRATION 
gm/t 

gim/l 

fim/1 



RAPID MIX at r p mi for minutes. Time starftd , 

SLOW MIX at r pm for. ...... minniufts. Timt storied . 

SETTLING bf fore gnalysis for, ...... minutes. Time ifarttd 



RUN NUMBER 


S 


c 


2nd JAR 


.3rd JAR 


4th JAR 


5th JAR 




6fh JAR 


m 

m 

m 

< 


CHEMICAIisl USED 

(.in ord.er .of a.d(£lifi©n for 2 « mon; 


ORIGINAL SAMPLE 


CONTROL 












DOSAGE in mg/L 
















ml of ehemical useid 




: >.v v'-. .:>.- ■',.;.'.-.,.. > .;. .' ;.. '...:-.' 'Wl' 

.f-;-:y: .:}Xf- :;•■:::■-■■.■:■:■■•-■:■■. ■.. 












APPEARANCE of FLOC 

impnute-s atler start of slow mn) 


H^-i^.ii-iwji-»iWX^^^:^.^4:^ 














Floe size a'ffer slow mix 
















Setfting rate 
















Turbidity 
















ColO'ur 


:^ll;:i-S-i'?J'??:;?'^':';i. 














pH 


]'::^'Mi^-:^.-i\S 














Tempera tyre 


tlSi-^M'MM 































m 



Volume of sample used 




Diluted f© 



Absorbance 
(spgcirophotometef readingi 



mg/l P (from groplh) 



mg/l_P in saiimple 



% Iff duct ton 



mMmmmm 

mmmmmmmm 



m 



m 

1 


Volume of sa<miple digested 
















Diluted to 
















Volume of iaj.bove used 
















Diluted to 
















Abs.or.bance 
(■spectrophotometer reo'ding) 
















mq/l P (from graph) 
















mg/l P in sample 
















%, reduction 


mmmmmmm 

|||:g:|||||||| 


m 















& 


Suspendied solids -imig/1 
\vlaitile suspeinded solids- % 
BOD 
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remarks; 
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FORM il I . 0'02 



jIDO ':-: 
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